A SYSTEM OF DYNAMIC MODULE CONFIGURATION AND A METHOD THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a system wherein a client and a server are linked to 
a network. Particularly, it is effective to apply the present invention to a system 
wherein a resource such as a memory is very limited because the server of the 
system is included in a device of electric products or office facilities. Moreover, 
the present invention relates to a system for dynamically composing a module at a 
client-server system wherein the server responds to the client request by making 
a response using the module in the server. 

Description of the Related Art 

Fig. 12 shows a configuration of a conventional client-server system. A 
client 1 making a request, a server 2 responding to the client request, a network 3 
to which the client 1 and the server 2 are linked, and plural function executing 
modules 4 each of which makes a response to each request coming from the client 1, 
are shown in Fig. 12. Contents and services which the client 1 can request are 
statically specified based on the kinds and the number of the function executing 
modules stored in the server 2. 

The system as shown in Fig. 12 has a problem that the kinds and the number 

of the function executing modules 4 which make responses to requests coming from 

the client 1, are restricted based on the resource limit, such as a memory amount, 

of the server 2. Namely, contents and services which the server 2 can provide to 

the client 1 are statically specified in advance, depending upon the function 

1 



executing modules 4 stored in the server 2. Therefore, it is impossible to provide 
other contents and services except the above. 

SUMMARY OF THE INVENTION 

The present invention is contrived to solve the above-stated problem. It is 
an object of the present invention to provide a system in which various contents 
and services can be supplied to the client, by dynamically acquiring a function 
executing module corresponding to each request of the client and by making the 
server have only a basic module for acquiring the function executing module, even 
when the server resource is limited or the server is included in a device whose 
resource such as a memory is very limited. 

According to one aspect of the present invention, a dynamic module 
configuration system, linked through a network, comprises 

a memory, linked to the network, for memorizing a plurality of function 
executing modules which execute specific processes, 

a request device which outputs an execution request for executing one of the 
specific processes to the network, and 

an execution device for receiving the execution request output from the 
request device through the network, acquiring one of the plurality of function 
executing modules which has a function of realizing the execution request from 
the memory through the network, and executing an acquired function execution 
module. 

According to another aspect of the present invention, a dynamic module 

configuration method, using a network, comprises the steps of 

memorizing a plurality of function executing modules for executing specific 
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processes, 

outputting an execution request for executing one of the specific processes to 
the network, and 

receiving the execution request through the network, acquiring one of the 
5 plurality of function executing modules which has a function of realizing the 
execution request through the network, and executing an acquired function 
execution module. 

According to another aspect of the present invention, a dynamic module 
configuration system comprises 
^ 10 an internal resource of a device for performing an original function of the 

w 

Ly device, and 

an execution device for 
^' receiving an access request which requests information in the device, 

h 

£f1 acquiring one of a plurality of function execution modules, from an 

ru 

RJ 15 external resource, which has a function of realizing the access request, and 

yy 

jit 

^ executing an acquired function execution module, 

wherein the receiving, acquiring and executing are performed by using a 
part of the internal resource. 

20 The above and other objects, features, and advantages of the invention will be 
more apparent from the following description when taken in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 In the drawings, 



Fig. 1 shows a system configuration according to Embodiment 1 of the present 
invention; 

Fig. 2 shows a concrete system configuration of Fig. 1; 
Fig. 3 is a flowchart showing processes performed in a server; 
5 Fig. 4 is a flowchart showing processes performed in the server; 

Fig. 5 is a flowchart showing processes performed in a module storing server; 

Fig. 6 shows another system configuration of the present invention; 

Fig. 7 shows a concrete system configuration of Embodiment 2 of the present 

invention; 

yp 10 Fig. 8 is a flowchart showing processes performed in the server; 

2 

tu Fig. 9 is a flowchart showing processes performed in the server; 

Fig. 10 is a flowchart showing processes performed in the module storing server; 

o 

^' Fig. 11 shows another system configuration of the present invention; and 

01 Fig. 12 shows a conventional client server system configuration. 

ni is 

. a** 

*S DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiment 1. 

Fig. 1 shows a system configuration of Embodiment 1. The followings are 

shown in Fig. 1: a network 8, a plurality of function executing modules 9 0 ...9 N for 

20 executing specific processes, a memory 70 linked to the network 8 for memorizing 

the function executing modules 9 0 ...9 N , a request device 50 for outputting a 

request for executing a specific process to the network 8, an execution device 60 

for receiving the execution request output from the request device 50 through the 

network 8, acquiring one of the function executing modules 9 0 ..9 N from the 

25 memory 70 through the network 8 and executing the acquired function execution 
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module 9, and a device 200 including the execution device 60. 

As a concrete example of the device 200, anything such as the followings can 
be the device 200: printer, facsimile, disk drive, personal computer, telephone, 
television, radio, air conditioner, refrigerator, automobile, airplane, train, 
machine tool, elevator, escalator, monitoring camera, etc. Namely, anything 
which is accessed from the outside to acquire the status or information of the thing 
can be the device 200. Generally, the device 200 includes internal resources in 
order to perform the device original function. For instance, the internal 
resources mean hardware (not shown) of the device and a controller (not shown) of 
the hardware. 

The controller usually has a central processing unit (CPU) and a memory. 
Each part hardware in the device is controlled by executing a program, which is 
stored in the memory, at the CPU to perform the device original function. In 
order to keep the cost of the device 200 low, the least amount of hardware 
necessary for performing the device original function, the CPU having the least 
processing capacity necessary for performing the device original function, and the 
memory having the least amount necessary for performing the device original 
function are usually installed in the device 200. Especially, in producing 
household electric appliances or office automation appliances which are mass- 
produced, it is tried to have the least amount of useless part so as to lower the cost. 
Namely, the mass-produced device usually has the least amount of internal 
resource necessary for performing the device original function. 

According to the present embodiment, the execution device 60 having a server 
function can be installed in the device 200 even when the device 200 does not have 

enough internal resources. The server function of the execution device 60 
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installed in the device can be thoroughly operated. 

According to the system of the present Embodiment, in order to lessen the 
internal resources necessary for installing the execution device 60 and executing 
the server function, one of the function executing modules 9o...9n is acquired as a 
function executing module 9 from the memory 70 for executing the request coming 
from the request device 50. Then, the acquired function executing module 9 is 
executed in the execution device 60, and the execution result is transmitted to the 
request device 50. In the present system, the function executing module 9 is not 
stationed at the execution device 60 but stationed at the memory 70. The 
memory 70 is an external resource being independent of the device 200. Only a 
module for acquiring one function executing module 9 from the memory 70 and 
executing the acquired function executing module 9 is installed in the execution 
device 60. At every request coming from the request device 50, one function 
executing module 9 corresponding to the request is acquired and is put into the 
execution device 60. Because of this configuration, the size of the internal 
resource used for the execution device 60 in the device 200 can be small. 
Accordingly, it is possible to install the execution device 60 in the device 200 
having limited internal resources, such as a household electric appliance, and to 
execute a requested function executing module 9 by using the limited internal 
resources in the device 200. 

Fig. 2 shows a concrete configuration system of Fig. 1. The followings are 

shown in Fig. 2: a client 5 (an example of the request device 50) which requests 

contents, a server 6 (an example of the execution device 60) for sending the 

requested contents to the client 5, a module storing server 7 (an example of the 

memory 70) for storing modules which have functions necessary for the server 6 so 
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as to send the requested contents to the client 5, a printer 20 (an example of the 
device 200) including the server 6, the network 8 to which the client 5, the server 6 
and the module storing server 7 are linked, the function executing modules 9 0 ...9 N 
which are stored in the module storing server 7 and have functions needed when 
5 the server 6 sends the contents to the client 5, a contents-request receiving module 
10 for receiving the contents-request from the client 5, a contents-request 
analyzing module 11 for analyzing the contents-request received by the contents- 
request receiving module 10 in order to select one of the function executing 
modules 9 0 ...9 N which has a function needed in sending the content to the client 5, 

P 

10 a module requesting module 12 for requesting the selected function executing 

w 

fj=j module 9 from the module storing server 7 and receiving the requested function 

SI 

y= : executing module 9 from the module storing server 7, a module executing module 

fair? 

13 for executing the function executing module 9 received by the module 
ff% requesting module 12, a module-request receiving module 14 for receiving the 

nj 15 module-request from the module requesting module 12, a module acquiring 
yj module 15 for acquiring a requested function executing module 9 out of the 

function executing modules 9 0 ...9 N based on the module request received by the 
module-request receiving module 14, and a module transmitting module 16 for 
transmitting one of the function executing modules 9 0 ...9 N acquired by the module 
20 acquiring module 15 to the server 6. 

Detailed explanation for the processes of the client 5, the server 6 and the 
module storing server 7 will be described with reference to the flowcharts of Figs. 
3, 4 and 5, and the arrows between modules in Fig. 2. 

Figs. 3 and 4 show the processes performed at the server 6 and Fig. 5 shows 
25 those at the module storing server 7. 
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The server in the present embodiment is different from a server in the 
general client-server system. The server of the present embodiment does not 
mean the one having independent hardware and independent software prepared in 
advance, but means the one later installed in a device having a specific original 
function. 

Namely, the sever of the present embodiment can be realized by borrowing 
and using the device internal resources provided in order to accomplish the 
specific original function. For instance, the server 6 is realized as a program 
stored in the controller memory (not shown) of the printer 20. Then, when the 
program is executed by the controller CPU, the processes of the server 6 shown in 
Figs. 3 and 4 can be executed. In the case of the client 5 inquiring the status of 
the printer 20, for example, being printed or not, or inquiring the print waiting 
status, the server 6 installed in the printer 20 starts the following processes: 

First, the contents-request receiving module 10 in the server 6 is waiting for 
a contents-request coming from the client 5. (S31) The client 5 requests contents 
from the sever 6. (arrow CD) The contents-request receiving module 10 receives 
the contents-request from the client 5 and sends the contents-request to the 
contents-request analyzing module 11. (arrow (2)) 

Then, the contents-request analyzing module 11 analyzes the received 
contents-request in order to select one of the function executing modules 9 0 ..-9 N 
which has a necessary function for sending contents to the client 5, and informs 
the module requesting module 12 of the selected function executing module 9. 
(S32) (arrow (3)) 

The module requesting module 12 requests the selected function executing 

module 9 from the module storing server 7. (S33) (arrow ®) 
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In the meantime, the module-request receiving module 14 in the module 
storing server 7 is waiting for the module request from the server 6. (S51) After 
receiving the module request from the server 6, the module-request receiving 
module 14 sends it to the module acquiring module 15. (arrow (5)) 

Then, receiving the module request, the module acquiring module 15 acquires 
the requested function executing module 9 based on the module request (S52) 
(arrow ®) and sends the acquired module to the module transmitting module 16. 
(arrow ®) 

The module transmitting module 16 transmits the received function 
executing module 9 to the sever 6. (S53) (arrow (8)) 

In the meantime, the module requesting module 12 has been waiting for the 
coming of the requested function executing module 9 since the module requesting 
module 12 requested the function executing module 9 from the module storing 
server 7. (S34) 

After receiving the requested function executing module 9 (arrow (§)) , the 
module requesting module 12 sends it to the module executing module 13. (arrow 
®) The module executing module 13 actuates a different thread shown in Fig. 4 
in order to execute the requested function executing module 9 (S35). Then, the 
process-flow control goes back to the contents-request receiving module 10 to wait 
for another contents-request for repeating the above processes again. Instead of 
actuating the different thread for executing the requested function executing 
module 9, it is also acceptable to execute the requested function executing module 
9 in a new process or in the present process. 

In the different thread, the requested function executing module 9 is started 

(arrow ©) and it is waited until the requested function executing module 9 has 
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been finished. (S41) 

Then, the function executing module 9 performs a process of sending the 
contents to the client 5, which is the completion of the process, (arrow (Q)) 

In the different thread, when the function executing module 9 has been 
finished, the module 9 is deleted from the server 6. (S42) 

The above is the way the printing status or print waiting status of the printer 
20 is sent to the client 5. 

As stated above, the followings are features of the present embodiment 
system: The client 5, the server 6 and the module storing server 7 are linked to the 
network 8. The server 6 acquires one of the function executing modules 9 0 ...9 N for 
performing a process corresponding to a request coming from the client 5, out of 
the module storing server 7, executes the acquired function executing module 9 
and deletes the function executing module 9 from the server 6 when the function 
executing module 9 has been finished. 

According to the above system, it is possible to supply various services by 
using a memory of small amount, because the server 6 acquires one of the function 
executing modules 9 0 ...9 N for performing a process corresponding to each 
contents-request relating to the device 200 from the client 5, out of the module 
storing server 7. 

The function executing modules 9 0 ...9 N are stored in the module storing 
server 7 in Embodiment 1. It is also acceptable, as shown in Fig. 6, to provide the 
function executing modules 9 0 ...9 N in the client 5. 

In the system of Fig. 6, the client 5 and the server 6 are linked to the network 

8. When a request comes from the client 5, the server 6 acquires one of the 

function executing modules 9 0 ...9 N to perform a process corresponding to the 
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request, executes the acquired function executing module 9 and deletes the 
module 9 from the server 6 when the module 9 has been finished. 

Embodiment 2. 

Fig. 7 shows a concrete system according to Embodiment 2. The elements 5 
through 16 and 20 in Fig. 7 are the same as those in Embodiment 1. A module 
storing module 17 stores acquired function executing modules 9 from the module 
storing server 7 as many as possible in the resource of the server 6. A module 
caching module 18 caches the requested function executing module 9 after sending 
the requested function executing module 9 to the server 6 based on the module 
request. 

Detailed explanation for the processes of the client 5, the server 6 and the 
module storing server 7 will be described with reference to the flowcharts of Figs. 
8, 9 and 10, and the arrows between modules in Fig. 7. 

Figs. 8 and 9 show the processes performed at the server 6 and Fig. 10 shows 
those at the module storing server 7. 

First, the contents-request receiving module 10 in the server 6 is waiting for 
a contents-request from the client 5. (S31) The client 5 requests contents from 
the sever 6. (arrow CD) 

Then, the contents-request receiving module 10 receives the contents-request 
from the client 5 and sends the contents-request to the contents-request analyzing 
module 11. (arrow (2)) 

The contents-request analyzing module 11 analyzes the received contents- 
request in order to select one of the function executing modules 9 0 ...9 N which has a 

necessary function for sending contents to the client 5, and informs the module 
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requesting module 12 of the selected function executing module 9. (S32) (arrow 
<D) 

The module requesting module 12 checks the module storing module 17 to 
find the selected function executing module 9 is stored or not. (S81) (arrow @) 

If the selected function executing module 9 is stored, the module storing 
module 17 transmits the selected function executing module 9 to the module 
requesting module 12. If not stored, the module storing module 17 informs the 
module requesting module 12 that the selected function executing module 9 is not 
stored, (arrow @) 

In the case of the selected function executing module 9 being transmitted 
from the module storing module 17, the module requesting module 12 transmits it 
to the module executing module 13. If it is informed that the selected function 
executing module 9 is not stored in the module storing module 17, the module 
requesting module 12 requests the selected function executing module from 
module storing server 7. (S33) 

In the meantime, the module-request receiving module 14 in the module 
storing server 7 is waiting for the module request from the server 6. (S51) 

After receiving the module request from the server 6 (arrow (£)), the 
module-request receiving module 14 sends the module request to the module 
acquiring module 15. (arrow @) 

Then, receiving the module request, the module acquiring module 15 checks 
the module caching module 18 to find whether the requested function executing 
module 9 is cached or not. (S101) (arrow (7)) 

If the requested function executing module 9 is cached, the module caching 

module 18 sends it to the module acquiring module 15. If not cached, the module 
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caching module 18 informs the module acquiring module 15 that the requested 
function executing module 9 is not cached, (arrow (7)) 

In the case of the selected function executing module 9 being transmitted 
from the module caching module 18, the module acquiring module 15 transmits it 
to the module transmitting module 16. (arrow ®) If it is informed that the 
requested function executing module 9 is not cached, the module acquiring module 
15 acquires the requested function executing module 9 (S52) (arrow (§)) , transmits 
it to the module caching module 18 and module transmitting module 16. (arrows 
(9) and ©) Then, the module caching module 18 caches the transmitted function 
executing module 9. (S102) 

The module transmitting module 16 transmits the received function 
executing module 9 to the sever 6. (S53) (arrow (Q)) 

In the case that the module requesting module 12 requested the function 
executing module 9 from the module storing server 7, the coming of the requested 
function executing module 9 has been waited by the module requesting module 12. 
(S34) 

After receiving the requested function executing module 9 (arrow ©) , the 

module requesting module 12 sends it to the module executing module 13. (arrow 

©) In the case of the requested function executing module 9 being sent from the 

module storing server 7, the module requesting module 12 also sends the module 9 

to the module storing module 17. Then, the module storing module 17 stores the 

sent function executing module 9 if there is space for it in the resource of the 

server 6. If there is no enough space, the oldest function executing module 9 in 

the resource is deleted for making space to store the just sent function executing 

module 9. Consequently, the just sent function executing module 9 is stored. 
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(S84) (arrow ©) FIFO (First In First Out) is used as the storing algorithm in the 
above, and it is also acceptable to apply other algorithms. 

The module executing module 13 actuates a different thread in order to 
execute the requested function executing module 9. (S35) Then, the process-flow 
control goes back to the contents-request receiving module 10 to wait for another 
contents-request for repeating the above processes again. Instead of actuating 
the different thread for executing the requested function executing module 9, it is 
also acceptable to execute the requested function executing module 9 in a new 
process or in the present process. 

In the different thread, the requested function executing module 9 is started 
(arrow ©) and it is waited until the requested function executing module 9 has 
been finished. (S41) 

Then, the function executing module 9 performs a process of sending the 
contents to the client 5, which is the completion of the process, (arrow ©) 

In the different thread, when the function executing module 9 has been 
finished, the module 9 is deleted from the server 6. (S42) 

As stated above, the followings are features of the present embodiment 
system: After the module execution has been finished, the executed module is 
stored as long as there is space for storing it in the resource of the server 6, for the 
purpose of using the same module again. 

As the module storing server 7 caches modules acquired by the server 6, in 
the case of using the same module again, one of the cached modules can be picked 
up from the cache and can be sent to the server 6. 

According to the above system, the following advantages are achieved: It is 

possible to supply various services by using a memory of small amount, because 
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the server 6 acquires one of the function executing modules 9 0 ...9 N for performing 
a process corresponding to each contents-request from the client 5, out of the 
module storing server 7. Moreover, as the function executing modules are stored 
in the server or cached in the module storing server, the speed of responding to the 
5 client is increased and data transmitted to the network or data used for linking 
the sever and the module storing server is decreased. 

The function executing modules 9 0 ...9 N are stored in the module storing 
server 7 in Embodiment 2. It is also acceptable, as shown in Fig. 11, to provide 
the function executing modules 9 0 ...9 N in the client 5. 
10 In the system shown in Fig. 11, when the module execution has been finished, 

W 

jjj the executed module is stored as long as there is space for storing it in the 

y] resource of the server 6, for the purpose of using the same module again. 

P 

As the client 5 caches modules acquired by the server 6, in the case of using 

o 

the same module again, one of the cached modules can be picked up from the cache 

ni 

f|I 15 and can be sent to the server 6. 

k W The modules described in the above Embodiments can be hardware, software, 

firmware or combination of them. 



Having thus described several particular embodiments of the invention, 

20 various alterations, modifications, and improvements will readily occur to those 

skilled in the art. Such alteratio ns, modifications, and improvements are 

intended to be part of this disclosure, and are intended to be within the spirit and 

scope of the invention. Accordingly, the foregoing description is by way of 

example only, and not intended to be limiting. The invention is limited only as 

25 defined in the following claims and the equivalents thereto. 
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